In large, alluvial floodplains dominated by agriculture, small streams have the potential to experience nutrient enrichment affecting algal assemblage structure and metabolism. Nutrient enrichment is largely driven by application of nutrients and altered hydrologic regimes. To inform stressor-response-based nutrient reduction goals for agricultural alluvial plain streams, diatom assemblages were sampled from 25 streams located within the Mississippi Alluvial Plain (MAP) with various land management practices and associated P and N inputs. From August through September 2015, epidendric diatom assemblage samples were collected from instream woody debris. Field nutrient gradients were skewed toward higher concentrations, and ranges of previously reported diatom assemblage response thresholds indicative of oligotrophic conditions were not well represented. Ordination analysis identified a gradient in species composition associated with increasing P and decreasing dissolved oxygen. A significant shift in diatom assemblage structure occurred when total P concentrations in the MAP streams exceeded 0.12 mg L− 1 . Phosphorus-enriched systems were represented by a distinct set of indicator species, lower abundances of ubiquitous species, greater abundances of highly tolerant species, and greater abundances of high-P indicator species. No relationships were observed among diatom assemblage measures or traits with increasing N. Current results do not address potential criteria for identifying high-quality, oligotrophic streams. However, measures of diatom assemblage structure have potential for helping set benchmarks to reduce nutrient impacts and monitor effects of agricultural best management practices on MAP streams.
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Diatom Assemblage Changes in Agricultural Alluvial Plain Streams and Application for Nutrient Management
Matthew B. Hicks* and Jason M. Taylor A nthropogenic inputs of excess P and N continue to be a leading cause of stream impairment throughout the United States and globally (Carpenter et al., 1998; Smith et al., 1999; USEPA 2006) . Ecological responses to increased nutrients in aquatic systems are likely to result in ecosystem simplification and loss of ecosystem services, as well as economic losses and increased human health risks (Dodds and Smith, 2016; Stoddard et al., 2016) . In response to this threat, regulatory agencies in the United States and Europe have tasked water resource managers with developing numeric criteria for nutrients that protect the physical, chemical, and biological integrity of aquatic ecosystems (USEPA, 1998; Hering et al., 2006) . In addition to regulatory limit setting, a substantial amount of federal, state, and private funding has been invested in testing and implementing best management practices (BMPs) that reduce nonpoint-source nutrient runoff from agricultural fields (Baker et al., 2018) . Thus, the agricultural community and resource managers also need defensible ecological measures to demonstrate water quality improvements in watersheds with BMP implementation.
Developing nutrient stressor-response curves is challenging. Relationships between nutrients and stream eutrophication have been well documented (Dodds et al., 1997; Smith et al., 1999; Biggs, 2000) but can be influenced by several other factors including physical habitat, flow regime, exposure to sunlight, weather, geology, and land use (Black et al., 2011; Smucker et al., 2013; Wang et al., 2016) . Algal assemblages represent an aquatic life component directly linked to nutrients-they are sensitive to enrichment and integral in linking excess nutrients to higher trophic levels through food web interactions (USEPA, 2014) . Diatom assemblages can be excellent indicators of nutrient status, and researchers have developed many indices to assess trophic status of water bodies on multiple continents (Kelly and Whitton, 1995; Bellinger et al., 2006; Stevenson et al., 2008; Tan et al., 2013) . Additionally, previous observational and experimental work has shown that diatom assemblage responses to nutrient enrichment gradients are robust, despite temporal shifts in species composition associated with variation in potentially confounding factors (Taylor et al., 2018) .
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Core Ideas
• Identifying stream nutrient indicators is difficult in agricultural landscapes.
• Diatoms found in Mississippi Alluvial Plain streams are sensitive to changes in P concentrations.
• Diatom assemblages shifted when stream total P concentrations exceeded ?0.12 mg L −1 .
• Diatom measures can help set nutrient reduction goals for agricultural streams.
• Stream diatom indicators may improve monitoring success of nutrient best management practices.
However, specific regional context can further complicate identifying ecological responses to increased nutrients in stream ecosystems. For example, anthropogenic alterations of large-river floodplains often disrupt the intensity, frequency, and timing of the natural disturbance regime responsible for maintaining ecological integrity of these dynamic systems (Ward et al., 1999) . Conversion of forested floodplains to intensive agriculture is common within large-river floodplains of the United States and around the world, and agricultural practices are a considerable nonpoint source of increased N and P to receiving waters. Agricultural production and associated application of nutrients are expected to increase due to population growth and a greater demand for food production (Daniel et al., 1998; Tilman et al., 2001; Tscharntke et al., 2005) . As a result, stream networks draining large-river alluvial plains are generally habitat limited, disconnected from natural disturbance regimes, and often experience widespread nutrient enrichment, all of which make it challenging to develop field-derived stressor-response relationships for nutrients. However, understanding relationships between biological assemblages and excess nutrients is critical to understanding evolving complexities of managing these large-river alluvial plain agroecosystems for high-intensity food and fiber production while mitigating ecological impacts associated with large-scale agriculture.
The intrinsic complexity of characterizing and quantifying nutrient-response relationships in general, coupled with additional challenges posed by stream ecosystems in altered large-river alluvial plain habitats, underscores the importance and timeliness of studies in these systems. The purpose of the current study was to identify diatom assemblage stressor-response relationships among streams located within the Mississippi Alluvial Plain (MAP) in Mississippi. Response of epidendric diatom assemblages across soft-bottomed streams representing regional variation in surface water N and P of catchments draining upland ecoregions into the eastern edge of the MAP was examined. This paper uses the data from the study (i) to identify stressor-response relationships between epidendric diatom assemblage structure and limiting nutrients in low-gradient, silt-bottomed streams within the MAP; and (ii) to evaluate the utility of diatom response variables for informing nutrient criteria development and assessing the success of agricultural BMPs aimed to reduce local nutrient enrichment and transport downstream within the MAP.
Materials and Methods
Study Area
Data were collected from 25 perennial, wadable stream reaches located in the lower Yazoo River basin, a large tributary of the Mississippi River (34,700 km 2 ) (Fig. 1 ). Sites were strategically located on eastern tributaries within the Yazoo River basin to characterize water quality in watersheds that begin primarily in the Mississippi Valley Loess Plains ecoregion and drain into the MAP (Omernik, 1987 ; ecoregion descriptions are provided in Supplemental Table S1 ). The study area is sparsely populated with no major metropolitan areas. Climate is characterized by short, mild winters and long, hot summers. Rainfall primarily occurs from December to April, and the driest period is in September and October (Dugan and Peckenpaugh, 1985) . Study reaches were selected to represent a range of potential anthropogenic nutrient enrichment, spatial extent, catchment area, and land use across the study area, with surface water total N (TN) and total P (TP) being the primary gradients of interest ( Fig. 1B and 1C , Supplemental Table S1 ).
Water Quality Sampling
At each study site, a 150-m assessment reach was identified. Within each assessment reach, instantaneous water quality and discharge measurements were made, and a surface water grab sample was collected during baseflow conditions. All study reaches were sampled four separate times over a 6-wk period during August and September 2015. Stream discharge (m 3 s −1 ) was measured along a representative transect in each reach with a portable current meter (Sontek, FlowTracker2) (Rantz, 1982) . Water quality samples and field water quality properties were collected according to Mississippi Department of Environmental Quality (MDEQ) surface water quality monitoring standard operating procedures (MDEQ, 2013) . Field water quality properties including dissolved oxygen, specific conductance, pH, and water temperature were measured using a YSI 6920 V2-1 multiparameter water quality sonde (Yellow Springs Instruments) calibrated daily prior to each use. Surface water sampling consisted of a vertical instantaneous grab sample collected from the channel thalweg. Nutrient samples were acidified immediately after collection with H 2 SO 4 , and all water samples were stored on ice and shipped to the laboratory within 24 h, where they were maintained at 4°C prior to analysis. Surface water grab samples were analyzed for NH 3 -N, nitrite-nitrate (NO x -N), TN, total Kjeldahl N, TP, alkalinity, total suspended solids, chemical oxygen demand, and Cl concentrations. All analyses were performed by the MDEQ laboratory in Pearl, MS, and were done in accordance with USEPA Methods for Chemical Analysis of Water and Wastes (USEPA 1983), Test Methods for Evaluating Solid Waste SW-846 (USEPA 1986), and the Standard Methods for Examination of Water and Wastewater (APHA 2005) . Water quality data used to support this study are publicly available from the USGS National Water Information System (USGS, 2018b). The USGS station names and numbers of the 25 sampling stations used for analyses are given in Supplemental Table  S1 . Concentrations of water quality properties that were below the laboratory measurement detection limit were divided by two for statistical computations.
Algae Sampling
Instream habitats were sampled for algal communities following protocols used by the USGS National Water Quality Assessment Project (Moulton et al., 2002) . All study reaches were sampled once for algal communities, during the same week when habitat data were collected and when one of the four water samples was collected. Woody snags were sampled as the richest targeted habitat because study streams lacked riffles and had finegrained substrates, and epidendric habitat was common across all study streams (Moulton et al., 2002) . Reach-scale composite samples of epidendric periphyton for analysis of assemblage structure were collected by removing material from the surface of woody snags collected from five locations distributed throughout the 150-m reach following methods outlined in Moulton et al. (2002) . Woody snags were sampled by scrubbing biological material off surfaces with a stiff brush and subsequent rinsing of the wood and brush into a plastic dishpan. Sample water from the rinse was poured into a 500-mL sampling bottle, and the volume was recorded. Length and diameter of each woody snag was measured and the total sampling area calculated. Samples were preserved with 5% formalin for identification and shipped to Rhithron Associates in Missoula, MT, for diatom identification and cell density calculations according to methods described in Charles et al. (2002) . Identification of a minimum of 600 diatom valves was conducted to the lowest taxonomic level possible. Algal data used to support this study are publicly available from the USGS BioData Retrieval System (USGS, 2018a). The USGS station names and numbers of the 25 sampling stations used for analyses are given in Supplemental Table S1 . Diatom cell density data were used to create site ´ species matrices and calculate selected diatom assemblage trait metrics considered to be indicators of biological condition and nutrient enrichment. Autecological characterization of diatoms followed biological condition gradient (BCG) attributes based on Lange-Bertalot (1979), Van Dam et al. (1994) , Bahls (1993), and Porter et al. (2008) and merged with the professional experience of Sarah Spaulding (Ecologist, USGS, and Research Scientist at the Institute of Arctic and Alpine Research, University of Colorado, Boulder). Nutrient indicator traits were based on Potapova and Charles (2007) . Metrics based on national datasets were used as the most consistent metrics for our study region. All metrics used and the relative proportion of taxa with values in our dataset are presented in (Table 1) .
Statistical Analysis
Patterns in diatom species composition in relation to nutrient gradients and other environmental variables were assessed with nonmetric multidimensional scaling (nMDS) using BrayCurtis dissimilarity distance measures. The log 10 (x)-transformed cell densities of diatom species were used to downweight the contribution of numerically dominant species to the ordinations (McCune and Grace, 2002) . The vegan package (Oksanen et al., 2010) was used to perform nMDS, environmental vector fitting, and environmental surface modeling using the open-source statistical environment R (R Development Core Team, 2017). The envfit function was used to examine linear correlations between assemblages (nMDS axes) and associated environmental factors measured across sample sites. The ordisurf function in the vegan package was used to build two-parameter generalized additive models and plot two-dimensional contour lines on nMDS plots to visually assess nonlinear relationships between diatom assemblage structure and the strongest correlated environmental variable, TP (Oksanen et al., 2010) .
To directly assess relationships among TP, nMDS axes, and diatom traits, tests for differences in median axis and metric scores among quartiles of the field TP and TN distributions were performed using a Kruskal-Wallis one-way rank sum test, followed by a Dunn's multicomparison test. To test for threshold changes in species composition, nonparametric changepoint analysis was conducted to identify an observed changepoint along our field nutrient enrichment gradient and associated cumulative probability distribution where nMDS axis scores significantly changed (King and Richardson 2003) . A permutational ANOVA (PERMANOVA) using the adonis function in the vegan package was also conducted to examine whether diatom assemblage structure among groups of sites above and below identified thresholds were significantly different in species composition (Oksanen et al., 2010) . Indicator species analysis (Dûfrene and Legendre 1997) was used to identify individual species strongly associated with previously identified groups of sites based on TP concentrations (nonparametric changepoint analysis results) using the function multipatt within the indicspecies package in R (De Cáceres and Legendre, 2009; De Cáceres and Jansen, 2016) . Analysis was conducted on log-transformed cell density data using the indicator value index corrected for unequal group sizes (Dûfrene and Legendre, 1997; De Cáceres and Legendre, 2009) .
Results
Stream Characteristics and Water Quality
Drainage area sizes of the 25 sampling reaches were such that all streams were similar and comparable in water depth, stream velocity, and discharge. Results from nearby long-term continuous flow gages showed that no sites had flows exceeding three times the median flow for the 30 d prior to sampling, indicating that diatom assemblages were likely not influenced by high flows prior to sampling. Land cover surrounding the sites varies from predominately forest to >50% cropland. No sites had >10% urban land cover within their watersheds. Total N and TP varied across the 25 sampling reaches, and distributions of N and P ranked by median values of four sampling events demonstrated gradients in surface water concentrations among the 25 sites (Fig. 1B and 1C ). Drainage area, velocity, discharge, select land cover percentages, and nutrient concentrations are summarized in Table 2 and are given by site in Supplemental Tables S1 and S2.
Diatom Assemblage Response to Nutrients
Ordination of diatom cell densities revealed a pattern that represented diatom assemblage structure along three major axes with relatively low stress (stress = 15.1) ( Fig. 2A and 2B ). The first axis was defined by a gradient in species composition strongly associated with increasing TP and decreasing dissolved oxygen (Table 3 , Fig. 2A and 2B ). Axes 2 and 3 were most strongly associated with increasing alkalinity and chemical oxygen demand (Table 3 , Fig. 2A and 2B) . Follow-up analysis indicated that associations between diatom assemblage structure and TP were robust for two-dimensional generalized additive surface models based on Axis 1 versus Axis 2 (R 2 = 66.4) and Axis 1 versus Axis 3 (R 2 = 62.6) ( Fig. 2A and 2B ). Bubble plots categorizing sites into four quartiles of the distribution of TP concentrations among our sites confirmed that this pattern was driven by sites with the highest TP concentration always sorting on the portion of the nMDS Axis 1 associated with high TP. For the most part, sites with low to moderate TP concentrations grouped together in the portion of ordination space predicted to have lower TP concentrations ( Fig. 2A and 2B ). Direct comparisons of nMDS Axis 1 and TP confirmed relationships between shifting diatom species composition and changing TP concentrations among sampling sites (Fig. 3) . Mean nMDS Axis 1 scores were significantly higher in the upper quartile (0.12-0.19 mg L −1 ) than the three lower quartiles of the observed distribution of field TP concentrations (KruskalWallis one-way rank sum test, c 2 = 11.7, p = 0.009; Dunn's multicomparison test, p < 0.05; Fig. 3A) . Sites in the lowest quartile of the field TP distribution always had low ordination scores (less than −0.1) on nMDS Axis 1 but overlapped with more variable distributions of scores in middle quartiles and were not significantly different (Dunn's multicomparison test, p > 0.05; Fig. 3A) . Nonparametric change point analysis identified a significant shift in mean and/or variation in nMDS Axis 1 scores at ?0.125 mg L −1 surface water TP, providing further evidence for a distinct diatom assemblage associated with high surface water TP concentrations (Fig. 3B) .
Overall species composition in the group of streams representing TP concentrations above the observed change point (>0.125 mg L −1 ) was significantly different than assemblages from streams with lower concentrations (PERMANOVA F 1,24 = 2.13, p = 0.013). Nine distinct species, including Navicula gregaria, Mayamaea agrestis, Nitzschia agnita, Nitzschia minuta, Nitzschia archibaldii, Navicula cryptotenella, Nitzschia inconspicua, Navicula ingenua, Nitzschia sigmoidea, as well as unidentified species from the genera Navicula, Nitzschia, Gomphonema, and Gomphosphenia, were strong indicators of assemblages from the high TP group (Table 4) . In contrast, only three species, including Ulnaria ulna var. amphirhynchus, Geissleria decussis, and Planothidium frequentissimum, were identified as significant indicators of assemblages from streams with TP concentrations below 0.125 mg L −1 (Table 4) . 
Diatom Trait Response to Nutrients
Differences in median diatom trait responses among binned TP concentrations based on quartile distribution were significant for BCG ubiquitous taxa (BCG 3) (Kruskal-Wallis one-way rank sum test, c 2 = 9.53, p = 0.023; Fig. 4A ) and marginally significant for highly tolerant taxa (BCG 5) (KruskalWallis one-way rank sum test, c 2 = 7.70, p = 0.053; Fig. 4C ). Relative proportions of ubiquitous taxa at sites with TP concentrations <0.06 mg L −1 were significantly higher than at sites with concentrations ³0.08 mg L −1 but were not different from sites with TP concentrations between 0.06 and 0.079 mg L −1 (Dunn's multicomparison test, p > 0.05; Fig. 4A ). In contrast, the proportion of highly tolerant taxa significantly increased with binned TP concentrations (Fig. 4C) . Sites with TP ³0.12 mg L −1 had significantly higher proportions of highly tolerant taxa than sites with TP <0.06 mg L −1 , but proportions from sites within the third quartile were not significantly different from any other binned TP concentrations (Dunn's multicomparison test, p > 0.05; Fig. 4C ). Median low-TP indicator taxa proportions were close to zero for all TP quartiles and were not significantly different (Fig. 4E) . However, high-TP indicator taxa proportions were significantly different among binned TP concentrations (Kruskal-Wallis one-way rank sum test, c 2 = 9.086, p = 0.028; Fig. 4G ). Proportions of high TP indicator taxa at sites with TP concentrations ³0.12 mg L −1 were significantly higher than the lowest quartile, and proportions in intermediate quartiles were not significantly different from the lower or higher binned TP concentrations (Dunn's multicomparison test, p > 0.05; Fig. 4G ). Results for BCG traits and low-and high-TN indicator species traits were not significantly different among binned TN concentrations based on quartile distributions (Kruskal-Wallis one-way rank sum test, p > 0.05; Fig. 4B, 4D , 4F, and 4H). ) and 90th percentile cumulative probability distribution (gray shading). Table 4 . Diatom species that were significant indicators for low and high (0.125 mg L −1 ) P concentrations in Mississippi Alluvial Plain streams. Indicator values are based on the product of degree of specificity (probability of a site being a member of the site-group combination when the species is present [A]) and degree of fidelity (frequency of the species presence at sites of the site-group combination [B]). Indicator values range from 0 to 1, the latter corresponding to a perfect association with a given group. The probability of achieving an equal or larger indicator value among groups (P) was estimated using a Monte Carlo randomization test based on 999 random permutations. ) at the 25 study sites. Letters represent significant differences in diatom assemblage structure between quartiles of the surface water P distribution based on Dunn's multicomparison test. BCG, biological condition gradient.
Species
Discussion
The intent of the current study was not to establish nutrient criteria for the region, but simply to demonstrate that diatom assemblages are sensitive indicators of nutrient enrichment gradients among MAP streams. Our results validate using diatom assemblage response variables as indicators of nutrient impacts on aquatic ecosystems within the MAP ecoregion. Results demonstrate that diatom assemblages are sensitive to changes in TP concentrations and have utility for developing nutrient stressorresponse relationships for MAP streams despite a lack of full representation of anthropogenic enrichment gradients. This study also provides new information that can contribute to developing benchmarks for water quality improvement within the region. Current results do not address potential criteria for identifying high-quality, oligotrophic streams. However, given the current region-wide agricultural influence on stream habitats within the region, our observed diatom assemblage responses may inform the development of realistic restoration goals for agricultural watersheds within the MAP.
Assemblage Responses
A wide range of studies have established the utility of diatombased metrics and species composition as sensitive response measures to nutrient pollution in streams, but few studies have addressed such relationships in habitat-limited, low-gradient streams draining large-river alluvial plains (Kelly and Whitton, 1995; Stevenson et al., 2008; Smucker et al., 2013; Taylor et al., 2014) . The current study identified a significant shift in diatom assemblage structure at TP concentrations of ?0.125 mg L ) used to establish our nutrient stressor gradient (Supplemental Table S2 ). The TP concentrations at the time of diatom collection were higher and the range was smaller compared with minimum and maximum values from previous studies. Previous regional studies from North America and Europe reported significant changes in stream algal assemblage structure at TP concentrations ranging between 0.01 and 0.032 mg L −1 (Schneider and Lindstrøm, 2011; Chambers et al., 2012; Smucker et al., 2013 , Taylor et al., 2014 . It is entirely plausible that if MAP streams representing reference conditions could be located and included in our stressor-response gradient, diatom responses to shifts in TP concentration would occur at much lower levels of enrichment. Thus, our identified shift in species composition likely represents a secondary response to increasing TP and may not be the only expected shift along a gradient in trophic status.
The nine species identified as significant predictors of streams with TP >0.125 mg L −1 corresponded well with high-TP (>0.1 mg L −1 ) traits for different regions of the United States (Potapova and Charles, 2007) and diatom indicators of eutrophic or hypertrophic conditions in Europe (Besse-Lototskaya et al., 2011). Specifically, Navicula gregaria, N. cryptotenella, and N. ingenua, as well as unidentified Navicula spp., were all significantly associated with TP concentrations ³0.125 mg L −1 in the current study and included as high-TP indicator species by Potapova and Charles (2007) and Besse-Lototskaya et al. (2011) ). All of these except N. minuta are previously reported indicator species of high TP concentrations (Potapova and Charles, 2007; Besse-Lototskaya et al., 2011) . Unidentified Gomphonema and Gomphosphenia spp. were also indicators of high TP concentrations within our study area. Several species of Gomphonema are associated with low-TP indicators, but G. angustatum, G. kobayasii, G. olivaceum, and G. parvulum are associated with high TP concentrations in one or more regions of the United States or Europe (Potapova and Charles, 2007; BesseLototskaya et al., 2011; Taylor et al., 2014) . Gomphonema kobayasii and G. parvulum were present in the MAP species matrix, and it is plausible that unidentified cells of one or both of these species prevented their significant association with high-TP streams in the current study. Gomphosphenia grovei is indicative of low-TP conditions (Potapova and Charles, 2007) and was the only species recorded for that genus from the MAP dataset. The unidentified Gomphosphenia sp. in the current study is more likely G. lingulatiformis, which Taylor et al. (2014) reported as significantly increasing in abundance at TP concentrations ³0.125 mg L− 1 from central Texas streams. The congruence of our indicator species analysis results with our finding of greater relative abundance of high-TP taxa within high-TP streams suggests that regional sets of diatom indicator species may be identified for different nutrient condition categories represented by MAP stream networks.
The BCG approach assigns taxa to different levels representing stream ecological conditions from natural to highly disturbed (Davies and Jackson, 2006) . This approach has recently been applied using diatoms in the northeastern United States and is currently under further development and regional refinement (Hausmann et al., 2016; S. Spaulding, personal communication, 2017) . It is somewhat analogous to trophic diatom indices developed in Europe to assign streams to different trophic statuses according to diatom assemblage structure (Besse-Lototskaya et al., 2011), but rather than trophic condition, BCG attributes are designed to provide classification of overall stream impairment. In the current study, BCG attributes representing ubiquitous classes decreased and tolerant classes increased with increasing TP, suggesting a shift toward highly tolerant diatom assemblages at higher nutrient concentrations. This finding provides further evidence that our sites represented upper regions of some undefined BCG associated with increasing P. With more refinement and regionalization, including a better understanding of what taxa to expect under low nutrient conditions, the BCG approach or a trophic diatom index may be useful for assigning streams to coarse level nutrient enrichment groups within the MAP.
We did not observe significant diatom responses to increasing N at the taxa or trait level. However, our current diatom species regional database is quite small, limited to streams draining different ecological settings in the Mississippi Valley Loess Plains and MAP and restricted to evaluation of response to fall nutrient concentrations. More extensive sampling throughout the region and across seasons is needed to establish robust sets of indicator species indicative of different levels of nutrient impairment within the region to better understand diatom responses to both N and P. Developing robust diatom datasets that include drainages completely within the MAP ecoregion may identify diatom responses to N. Overall, more work on spatial and temporal patterns in nutrient limitation of freshwater ecosystems within the MAP is also needed to better understand regional patterns in expected ecosystem responses to nutrient reduction strategies.
Implications for Water Resource Management
There is a current lack of understanding of what policies or practices will help make substantial ecological improvements in terms of nutrient reduction (McDowell et al., 2016) . North American datasets indicate that nutrient concentrations continue to increase, and eutrophication associated with nonpoint sources remains a widespread problem (Dodds and Smith, 2016; Stoddard et al., 2016) . Identifying subtle changes in ecological responses associated with nutrient reductions will be important to determine the type, amount, and placement of BMPs necessary for making incremental improvements in the ecological condition of agricultural watersheds. Current results demonstrate that diatom assemblage and trait responses are useful indicators of water quality improvement in MAP streams. This is particularly relevant and timely in the MAP and other large floodplain agroecosystems, as regulatory agencies and the agricultural community debate ways to improve water quality, specifically through nutrient reduction, in heavily modified landscapes. Likewise, current results support the use of diatom assemblages and trait responses as indicators in causal assessment and stressor identification of biologically impaired streams. Results further suggest that diatom assemblage responses could be a useful component within the strength-of-evidence process used in identifying specific causes of impairment. This may lead to improving the accuracy and efficiency of the process of identifying and prioritizing streams in need of nutrient management. However, developing nutrient stressor-response relationships and translating them into meaningful, scientifically defensible benchmarks for managing P and N within MAP streams will require increasing sampling frequency and spatial coverage to more accurately represent the entire region, as well as refinements to sampling methodology. Future studies that include greater spatial coverage within the region, temporal sampling, and experiments to control for confounding factors will further the development of diatom-based measures for evaluating ecological responses to BMPs within the MAP (Bowes et al., 2007; Taylor et al., 2018) . Current study results were only significant for TP, but including BMPs that reduce N export from agricultural watersheds in the Mississippi River basin can also help reduce widespread coastal hypoxia in the Gulf of Mexico (Turner and Rabalais, 2003; Alexander et al., 2008) .
Supplemental Material
Supplemental Material includes a description of ecoregions of which study sites are located and two tables of site specific information. Supplemental Table S1 provides station information including location, watershed characteristics, and historical median nutrient concentrations at the 25 study sites. Supplemental Table S2 gives a summary of water quality data including concentrations at the time of diatom collection, and minimum and maximum values over the study period.
